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6.  C.  Bjorkluad,  H.  Laath  asd  C.  Ortiz 
IM  Baaaareb  Laboracary,  Sas  Jeaa,  Callfemla  95193 


Abaerace 

CrToganle  fraquaney  doaala  optical  aaaartaa  baaad  upon  photoehaaieal  hola  buznlng  offar  tha  poaaibillty  of 
atoriag  data  at  daaaitiaa  at  up  Co  10^  bica/ea^.  Tha  baaic  priaeiplaa  of  photoehaoieal  hola  bumiag  ara 
raviavad.  Raeanc  raaulca  on  caeordlag  oataclala,  data  caadiag  aad  wcitiagi  aad  eonfigurationa  act  praaaacad. 


Itt^rodueslOB 

Tha  apac^Ul  atoraga  daaaity  of  eoBVaatioaal  opdeal  aaaerioa  la  llalcad  by  dlffraecioo  to  a  taritua  of 
10^  bica/ca*  for  plaaac  gaoaacciaa.  Tha  pbaBoaawon  of  pbocoehaaical  hola  burning  allowa  optical  fraquaacy  to 
ba  tttilizad  aa  an  additional  dlaanaion  for  tha  organization  of  an  optical  aaaery.^  Dp  to  10^  bita  ^  , 

ittfotucion  can  ba  raeordad  at  aach  apaclal  atoraga  location  and  apacial  atoraga  danaltlaa  of  lO^^lO*  blta/en^ 
or  10^^  blca/ca^  ara  ulciantdy  poaalbla. 

In  chia  papar  wo  cavlaw  tha  baaic  princlplaa  of  photochanlcal  hola  bumiag  and  praaant  naw  raaulca  on 
raeerdlng  aatarlala,  data  raadlag  aad  writing  by  m  apactroacopy,  and  mamory  eonfigurationa • 

Phatoe^M teal  hola  buminz 

‘  Carcala  low  tanparacura  aolid  acata  aatarlala  aucb  aa  aggrtgaca  color  eantara  or  nolaculaa  la  aeluclon  hawa  f 

apaecra  which  azhibic  talaciwaly  aharp  iahoanganaoualy  broadanad  abaocptlon  linaa  with  wldtha  iui  varying  froa 
aavoral  ca*^  in  eryacallina  aolida  to  orar  100  ea*^  in  glaaaaa  aad  polyaara.  Aa  abown  la  Flgura  1,  aucb 
InhoBoganoua  liaa  la  tha  raault  of  tha  auparpoalclon  of  aany  auch  narrewar  hoaoganaoua  linaa  of  width  Aug 
whoaa  caacar  fraquanelaa  ara  ahiftad  by  tha  raadoa  local  anvlretaMata  la  tha  cryacal.  Tha  valua  of  Bug  la 
dacamaad  by  lacriaalc  aolaeular  ralazation  procaaaoa  aad  at  2X  can  ba  aa  narrow  aa  0.00067  ea*^  (20  MBi./  In 
cryatala  and  0.1  ca**  la  glaaaaa.  Thua,  dtig  la  typically  10^*10*  claaa  narrewar  than 
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OF  ENVIROUMEKI  OF  ABSOUtlaC  SFECIES 
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Wu  •  (UTURAL  OF  UOMOCESSOUS  LIZEWOTH  OETEMUMSD  BY  LIFEICIE 
OR  ALL  RELAXATIOil  FROCESSES  OF  THE  EXCITIO  STATE 


Flgura  1.  Boaoganaoua  aad  lahoaogaaaeua 
llnawidcha  for  nolaculaa  la  aolld  atata 
aolutlona. 
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Tha  phaaoamoB  of  photeehaalcal  hoi*  burning  (PBB)  occur*  whon  *  parsaoanc  phocochanicnl  process  Is  Induced 
by  e  laaar  beaa  tuned  to  e  partlculer  frequency  within  eh*  Inhonogencous  line.  The  laser  cadieclon  Interacts 
only  with  that  subset  of  aolaeules,  whoa*  local  enviroenents  ere  such  that  the  laser  wavelength  la  contained 
within  their  heaegenaous  absorption  lines  (sea  Figure  2).  Since  the  phoeochealstry  depletes  the  population  of 
this  subset,  eh*  absorption  coefficient  at  eh*  exact  laser  wavelangth  Is  reduced.  In  this  way,  a  peraancne 
"hole''  or  dip  is  produced  in  tha  inhoaogeaaoua  line  profile.  For  shallow  holes,  the  hole  width  1*  equal  to 
ewlea  luig.  Thus,  10'^  resolvable  holes  can  be  burned  in  a  given  Inhonogenaous  line.  As  shown  la  Figure  3a, 

10^  bits  of  Infomaeloa  could  be  recorded  at  each  special  storage  location  by  the  presence  or  absence  of  holes 
at  specific  frequency  locaeiona  within  tha  Inhoaogeneous  line. 


(a) 


(b) 


0  nioiooiniooniooiiooMi  o 


Figure  3.  (a)  Illustration  of  Inforaatlon  storage  by  photochealcal  hole  burning.  Bits  of  Inforsacion  are 

encoded  by  the  presence  or  absence  of  phocochealcal  holes  at  verlous  frequency  locations  of  an  lahcoogeneously 
broadened  absorption  line,  (b)  Sequence  of  130  MHs  wide  photochealcal  holes  burned  into  a  IS  GHz  wide  portion 
of  the  3 'Adi  zero-phonon  line  of  an  aggregate  color  center  In  MsF. 


it  ■ 

AC  presage, 'the  aost  proalslcg  asterlals  for  optical  aeaories  based  upon  ?HB  are  the  aggregate  color 
..centers  la  alhall  halide  crystal  hosts. Figure  3b  shows  a  string  of  binary  Inforaatlon  recorded  by  ISO  ^z 
widak'hola*  burned  Into  a  portion  of  the  3749X  zero-pboaon  line  of  an  aggregate  color  center  In  Haf ,  That* 
hole*  can  be  erased  by  lllualnatlag  the  saapl*  with  incoherent  UV  radiation  of  lOOOA  or  shorter.  Figure  4 
shows  proposed  aae.haalsns  for  tha  vrltlag  and  erasing  processes.  Both  aee.hanlsas  are  based  upon  alactron 
cuaaeliag  iron  asclcad  states. 

In  addition  to  posaesslag  good  hole-burning  properties,  these  nacerlals  aeet  the  practical  requlrsnants  of 
stability  at  rooo  canperature,  good  optical  quality,  csvecslblllty ,  potantlal  conpatablllty  with  GaAlA*  lasers 
(see  Figure  3),  and  capability  of  being  produced  in  thin  fila*.3  7V1,,  capability  Is  laportant,  in 

order  to  achieve  storage  densiclas  of  10^^  blc*/ca~,  it  is  necessary  to  utilize  tightly  focused  laser  besaa 
with  Halted  depth  of  focus. 
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rigura  4.  Color  eacor  tiolo  buntlsg 
(vrlelng)  aad  orMing  aochonloao. 
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Cdtion  Anion  Oi«lanctt  in  ^ 

Figaro  5.  A  11011*0- Iroy  plot  of  Xmax  for 
■airarml  eypoo  of  oggrogoe*  color  eoMort 
la  olkoll  liollda  boot*.  Tho  aoaoelocod 
core-pheBOB  U^oa  or*  uauolly  oe  aero  choB 
a  fow  bUBdrad  A  to  tha  rad  of  X _ . 


Data  raadlBB  tad  vrtrliif  ualBt  FM  ao 


IB  ordar  to  affacclvoly  uclllxa  tha  vary  largo  atorago  eapabllltlaa  vbleh  FHB  aoBorlaa  of far,  It  la 
aaeaaaary  to  davolop  MBaa  far  rapidly  wxitlag  data  iato  lad  raadlag  data  out  of  tha  aasary.  Both  tha  wrltlag 
aad  raadlag  apaada  aro  Ualtad  by  tho  tlaa  dolay  la  aeeaaalag  tha  doalrad  apatlal  loeatloa  aad  by  tho  tlaa 
dolay  ooeouatarad  la  toalag  tha  laaar  to  tha  doalrad  optieal  fraqaoaey.  la  addltlea,  tha  orltlag  apaad  la 
llaltod  by  tho  latriaale  rata  of  tha  holo  buralag  photoehoalatry,  vfalla  tha  raadlag  apaad  la  Hal  tad  by  tha 
duall  tlaa  aaeaaaary  to  dataet  tho  praoaaeo  or  aboaaeo  of  a  hela  with  aaffleloat  algaal  to  aolaa. 

.Tha  oovly  davalopod  taehalqua  of  fraquoaey  aedulacioa  (FN)  apaetroaeopy**^  alla*a  rapid  laaar  fraqaoaey 
toalag  aad  rapid  datactloa  of  tho  holoa.  Thla  taehalqua  uclllaaa  vldaly  apoead  optieal  TH  aldaboade  to  read 
oe  write  tha  holaa.  Tha  FM  optical  apaetrua  la  preduead  by  paaalag  da  output  of  a  alaglo  fraquaaey  laaot 
oaelUaclag  at  optieal  fraquaaey  through  a  phaoa  aedulator  drlvaa  at  radio  fraquaaey  v,  to  produea  a 
earrlar  at  aad  two  aldabaada  of  Dp  to  200  61a  of  optical  fraquaaey  eoa  ba  oeeaaoad  by  toalag  vi^ 

with  V  fisad. 
c 

Figure  6  ahewa  a  typical  oaparlaaatal  arraagoaeac  for  dataetlag  a  holo  by  m  tpaetroaeopy .  Tho  IM  light  la 
laeldaat  on  a  aaaplo  coacalalag  a  aarrew  opeetral  f oatura  (the  holo) .  The  valoaa  of  aad  are  aueh  that 
the  apaecrol  foature  la  probed  by  a  alogla  loalatad  aldabaad.  Tha  aldabaada  thua  oaporlaaea  dlfferaae  oaouata 
of  abaarptlea  la  ttoveralag  tha  aoapla,  Thla  dlatertlaa  of  tha  FH  apaetraa  rooulta  la  a  hatarodyaa  boat 
algaal  at  the  rf  aedulacioa  fraquaaey  Ugi  that  la  plekod  up  by  the  faac  photedataecer  whleh  aeoleera  tho 
aaorglag  booa.  Tha  acrangth  of  tha  abaerpcloa  or  dloporaiea  aaaoelatad  with  tha  halo  la  decaralaad  by 
Baaouelag  the  phaoa  aad  atraagth  of  tha  boat  algaal.  Tha  adwaatagea  of  FM  apactroaeepy  for  raadlag  are  that 
Chora  la  ae  algaal  ualaaa  the  aldabaada  are  uabalaaead,  tha  aorraw  liaewldch  of  tha  orlglaal  laaar  aourea  la 
praaarwad,  the  holo  la  aapoaod  ea  vary  law  poiwr  doaalclaai  ood  tha  oaaaltlvlty  eaa  ba  ahet  aola*  Ualtad. 
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rigur*  4,  Color  eoncor  halo  bumlnt 
(vrltlag)  oad  orsstag  aoehaalams. 


C«(iOA  Anton  Oist«ncts  in  ^ 

Flguro  5.  A.  MeUwflvty  plot  ot  laas 
oovotal  CTpoo  of  attcotaco  color  eoacara 
la  alkali  hallda  heota.  Tha  aaaoeiacaa 
sari^>pbeB0n  Ujas  ara  uauallp  oo  aora  tbaa 
a  fav  Uuadrad  a  to  eha  tad  of  \ 

MX 


Data  raadlna  and  wtltlna  oalna  FM  iooetreacooT  j 

la  ordar  to  affaetlralp  utillxa  tha  varr  larsa  atorata  eapablUtiaa  vhleb  PHB  Baaorlas  offer,  it  la 
aoeaaaary  to  daralop  aaaaa  for  rapidly  vrltlag  data  lato  aad  raadlag  data  out  of  ebo  aaaery.  Both  tha  wrltlaf 
aad  raadlag  apaada  ara  Ualtad  by  tha  tloa  dalay  la  aeeaaalai  tha  daalrad  apatlal  loeatlea  aad  by  tha  tlaa 
dalay  aaeouatarad  la  tualag  tha  laaar  to  tha  daalrad  optical  fraquoaey.  la  addltloa,  tha  vrltlag  apood  la 
llattad  by  tha  lacrlaale  rata  of  tha  bela  boxnlag  phetaehaalatry,  vhlla  tha  raadlag  epaad  la  Ualtad  by  tha 
dwall  tlaa  aaeaaaary  to  dataet  tha  praaaaea  or  abaaaea  of  a  hola  with  aufflelaat  algaal  to  aolaa. 

Tha  aovly  davalopad  taehalgua  of  fraquoaey  oodulatloa  (IM)  apaeeroaeopy^*^  allova  rapid  laaar  fraquoaey 
tuBlag  aad  rapid  daeaetloa  of  tha  helaa.  Thla  taehalquo  uclUaaa  widely  apaead  opeieal  nt  aldabaada  to  road 
or  wrlta  eha  helaa.  Tha  IH  optleal  apaccroa  la  predaead  by  paaalag  tie  output  of  a  alagle  fraquoaey  laaar 
oacUlaciag  at  optleal  froquaaey  through  a  pbaaa  aodulater  drlvaa  at  radio  fraquoaey  to  produea  a 
earrlar  at  aad  two  aldabaada  of  <IP  M  200  OHa  of  opeieal  froquaaey  eaa  ba  aeeaaaad  by  tualag  v 

with  flood. 

rigura  1  ahowa  a  eypleal  aaporlaeaeal  arraagoaaat  for  dataeclag  a  hola  by  IM  apaeeroaeopy .  Tha  FM  light  la  . 

laeldaat  oa  a  aaapla  eoatalalag  a  aarrov  apaeeral  faatura  (eha  hola).  Tha  raluaa  of  aad  v_  ara  aueb  that 
eha  apaeeral  faatura  la  probed  by  a  alagla  laolatad  aldabaad.  Tha  aldabaada  thua  aaparlaaea  dlffaroat  aaouata 
of  abaorpeioa  la  erawaralag  eha  aaapla.  Thla  dlatortloa  of  tha  TN  apoeerua  raoulea  la  a  hatarodyae  boat 

algaal  at  eha  rf  aodulaeloa  froquaaey  Ug  ehae  la  plekad  up  by  eha  faat  phocedeeaetor  which  aoBleera  eha  I  i 

OMegtag  boas.  Tha  atroagth  of  the  abaorpeioa  or  dlaparaloa  aaaeeiaead  with  tha  hola  la  dataralaad  by  ; 

laaaariBg  tha  phaaa  aad  atraageh  of  the  boat  algaal.  Tha  adwaaeagoa  of  FM  apaeeroaeopy  for  raadlag  ara  that  |  j 

ehare  la  ae  algaal  ualaas  tha  aldabaada  ara  uabalaaead,  eha  aarrov  liaawidch  of  tha  orlglaal  laaar  aeurea  la  1  ! 

proaatwad.  tha  hola  la  aapoaed  to  vary  low  powar  daaaieiaa,  aad  eha  aaaaieiviey  eaa  ba  ahoe  aolaa  llaiead.  ^  ' 
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Flgur*  7  tadleaeas  a  soaawhae  dlffarant  arraacaaaat.  Bara,  cha  vai.ua  of  v,  ta  bald  eoaacaae  ac  a  vaiua 
aaar  100  MHa  aad  Ve  la  variad  by  tualag  cba  laaar.  Tha  atdabaad  apaelag  ta  aow  laaa  ebaa  ehe  irldeb  of  cha 
hola  aad  cha  raaultlag  FM  apaetroaeopy  algaal  glvaa  cha  datlvaciva  of  cba  hola  llaaahapa.  Flgura  3  ahowa  a 
cyplcal  txpariaaacal  FM  spaecroaeopy  algaal  charaeeartaclc  of  a  alagla  photoehaalcal  hola  and  Flgura  9  shova 
data  provlag  tbac  pbocochaaleal  holaa  can  ba  daCacead  la  aleroaaeoada  ualag  chia  aachod. 


flgura  9.  (a)  A  cypleal  axparisaacal  Flgura  7.  Fraquancy  doaala  lUuacracton 

arraagasanc  far  FM  apaetroaeopy,  of  darlvaclva  FM  apaetroaeopy. 

Co)  Frtquaaey  doaala  llluaeraeloa 
of  ?>(  apaetroaeopy. 


Tha  faacaae  raadlag  and  vrtelag  apaada  could  ba  aehiavad  ualag  a  aulclplax  varaloa  of  FM  apaecroaeopy.  Tha 
earrlar  fraquancy  would  ba  auppllad  by  a  flxad  fraquancy  laaar  oparaeiag  ac  aa  opcleal  fraquaaey  aaar  co, 
';ue  r.oe  colaeldaac  wich,  cha  lahoaegaaaoua  abaorpeioa  band.  Tha  pbaaa  aodulacer  would  ba  drlvan 
slaultaaaoualy  ac  n  dlffaraac  RF  fraquaaelaa,  ui,  ug,  •••,  <>)k  aad  a  paira  of  uppar  aad  lovar  FM  aldabanda 
would  oa  produead  at  fraquaaelaa  ••••  Tbua,  aa  ihowa  la  Flgura  10,  aaeh  sldabaad  would 

proba  a  laparaea  opcleal  fraquancy  locaclon. 

laadlag  would  ba  aceoapllahad  by  preduciag  waak  aldabanda  ac  all  poaalbla  hola  locacloaa  aad  aoeicorlng  cha 
light  aaargiag  fren  cha  aaapla.  Tha  praaaaea  or  abaaaca  of  a  hola  at  a  glvaa  opcleal  fraquaaey  would  ba 
dacarslaad  by  oonlcorlag  cha  laeaaalty  of  cha  corraapoadlag  RF  boat  algaal.  If  1000  aldabanda  apacad  by 
110  :9a  vara  ucillaad,  doeplaca  reading  of  all  of  cha  lafenacloa  aacodad  ac  a  apaeifie  apacial  acoraga 
loeacioa  could  ehaoreeieally  ba  aceoapllabad  la  laaa  chan  100  aaac,  raaulciag  la  burat  raadlag  data  racaa  of 
11^^  blca/aae. 

Vrlciag  would  ba  aeeonpllahad  by  driving  cha  phaaa  nodulacor  with  lacaaaa  .RF  fialda  ac  salaecad 
frasuaeeiaa.  Tala  would  produea  acrong  ainulcaaaoua  FM  aldabanda  at  cha  fraquaaey  locacloaa  whara  hola 
buraisg  would  ba  daatrad.  Only  c.ha  uppar  FM  aldabanda  would  burn  holaa,  aiaea  the  earrlar  and  lovar  iidabaada 
would  not  ba  wichla  c.ha  lahosogacaoua  abaorpeioa  baada. 


}ur«  a.  Exp«rla*Mal  FM  ipaetroscopy  signal  Flgura  9.  Exparlawneal  dtaonaeraclea  of 

aracsarlJClo  of  a  alagla  photaehaaieal  hole.  fast  detaccloa  of  a  phocoehenical  hole 

ualag  FM  apactroseopy .  The  figure  oa  cha 
left  shove  a  photoehaalcal  hole  dacaccad 
ualag  ecaadard  cxeltatioa  epaetroaeepy  and 
eigaal  aueraglag.  The  figure  oa  the  right 
ehovs  the  FM  speetreaeepy  signal  arleiag 
when  tbs  laeer  haan  use  chopped  to  fora  a 
train  of  widely  separated  ueac  duration 
pulses. 


Absorption 


FM  Lower  Sidebands  FM  Upper  Sidebands 


'Igura  10.  rraeueaey  iosais  illustratlea  of  aulclplea  FM  spectroscopy. 


Tha  darlvatlvt  FM  ipaetreaeopy  approach  lUuaeraeod  In  Ficuraa  7,  8  and  9  provides  the  basis  for  a  maaery 
conflguraeloa  which  is  aqulvalanc  to  a  vary  larga  dlraec  aceasa  scoraga  davlea  (DASD)  systaa.  In  today's 
cachttology,  OASO  davicas  ara  basad  on  laductlva  aagnaclc  raeordlng  on  disks.. 

Figure  11  shove  the  reading  and  writing  elalng  dlagraa  for  thla  configuration.  The  laser  fraguaney  la 
rapaeiclvaly  reaped  between  aim,  and  ui,.,  at  a  30  kHs  rata.  This  type  of  scanning  can  eaally  ha  achieved  with 
currant  tuned  GaAlAa  lasers.  Thus  evary  30  usac,  tha  laser  la  scanned  over  the  Inbonogenaoua  line.  For 
writing,  tha  affective  photoehaaical  hale  burning  rata  la  controlled  by  a  tlaa  varying  axtamal  gating 
voltage.  This  gating  could  ba  aehlavad,  for  Inatanca,  by  driving  a  feat  light  gate  placed  In  front  of  the 
recording  aadlua  or  by  using  an  axtamal  field  to  control  the  quantum  yield  of  the  hole  burning  procaas 
icsalf .  For  reading,  the  laser  is  FH  andulatad  at  uis  lass  than  or  equal  to  tha  hole  width  and  the  raw 
derlvatlva  FM  signal  aonltored  as  a  function  of  tioa.  Tha  differentiation  procasa  aff actively  auppraasea  tha 
slowly  varying  inbonogenaoua  llnaahapa.  Pulse  shaping  alactronlcs  ara  alloyed  to  reproduca  tha  original  data 
pulse  shapaa. 


(a) 


Lswr  Tuning 


30  uttc- 


Writing 


Gating 

Voltage 


Holts  written 
into  absorotton 
line 


fif  in' 


Rudt'n^ 


wectroscoov  tiyial  \~^i\  \ — 


Signal  afttr 
Duift  shaoing 


Tlgure  11.  heading  and  vrltisg  tislng 
llagrac  for  lA33-c:rpa  configuration. 


(c) 


Figure  11.  (a)  Ganaral  layout  far  GASS-ty'pe 

configuration  vlth  100  aras.  (b)  Centralizad 
caeponanti.  <'c)  typical  ara. 
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Figur*  U  thowa  a  aultipl*  ata  aaMxy  ayataa  eonatruetad  uaiag  ehaaa  priselplaa.  Tha  eaatxaU.aad 
ceBponaacs  conalat  of  eha  currase  euaad  GaAlAa  laaar,  eha  phaaa  aodulater  aad  drlvar,  aa  array  of 
64  ptiocodacaecora  followad  by  doubla  balaacad  aa  array  of  64  saelu  drlvara,  aad  a  100  spot 

aeouaeo-optlc  daflaetor  for  arm  aalaetloa.  Each  ara  eoealaea  of  a  lO^xlO^spoe  XY  galvoaoaacar  drlvae  airror 
pair,  a  holographic  optical  alaaaat  which  acta  both  as  a  focuslag  laaa  aad  64x  baaa  aniltlplaxar ,  aad  aa  array 
of  64  1-ca  squaraa  of  racordlag  aadlua.  Tha  100  atas  ara  eoacaiaod  la  a  1  a^  LBa  ccyoatat. 

6  3  6  9 

Each  1-ca  aquara  of  racordlag  aadlua  eoatalaa  10  spatial  storage  locatloaa  aad  haaca  10  xio  or  10  bits 
of  iaforoatloa.  Each  ara  thus  eoatalaa  6.4x10^°  bits  aad  eha  aatlra  ayataa  eoatalaa  6.4x10^^  bits.  The  data 
Is  orgaalzad  late  6.4x10*  bit  pages,  each  daflaad  to  eoaalsc  of  10^  cIm  doaala  bits  flowlag  la  eha 
64  parallel  data  ehaaaela.  Tha  tlaa  to  read  or  wrlta  a  page  la  thus  30  usae. 

Slate  galvoooaaeer  driven  alrrors  have  aaeele  tiaaa  oa  eha  order  of  3  asee,  oaly  IZ  of  the  tlaa  for  each 
ara  is  spaat  raadiag  or  wrleiag  data.  Tha  raaalalag  99Z  of  the  tlaa  Is  affaetlvely  dead  tlaa  while  the 
alrrors  ara  aovlng  to  the  naze  posltloa.  This  aakes  possible  tlaa  sharlag  of  the  ceatrallzad  eoapooaats  aaoag 
tha  100  eras  to  laaura  that  data  la  balag  read  or  wrlteaa  lato  oaa  of  tha  azas  at  all  tlaea.  Thua  tha  average 
data  rata  la  oa  eha  order  of  2x10^  blea/aae.  Data  araaiag  la  aoat  aaally  aceoapliahad  on  aa  ata-by-ara  baala 
,  uslag  flood  illualnaeloa  froa  a  OV  leap. 


EO  Deflector  Plus  Multiplex  PM  Spectroscopy 


Phase 


1  psec  RAT  to  any  1.0  Kbit  page 

100  nsec  to  read/write  page 

0.1  gbyte  capacity 

10  gbit/sec  bum  data  rate 

( 1  jaMstc  average  data  rate  1 .000,000  I/O  per  tec) 


Figure  13.  Msoory  conflguraeloa  uaiag  siulciplex  FM  spectroscopy  and 
alacero-opeie  baaa  defleeeloa. 


Tha  nulelplax  FM  spaetroseepy  approach  lllustraead  la  Figure  9  coupled  with  aleccro-optle  baaa  aaflaeeion 
provides  the  basis  for  aa  uausual  saaory  eonflguraeloa  with  extraswly  high  data  rates  and  fast  randoa  access 
tiaaa,  but  with  llaltad  total  seoraga  capacity.  Figure  13  shows  eha  overall  setup.  Tha  oueaut  of  e.ba  fixed 
fraguancy  laser  is  passed  through  tha  phase  aodulator  driven  slaultanaously  at  1000  different  3F  freguancles. 
For  vrlelag,  tha  intensity  of  each  of  tha  EF  fields  la  directly  controlled  by  eha  corresponding  Input  data 
channel.  Tha  laser  baaa  Is  next  passed  through  a  10^  spot  electro-optic  deflector  with  1  'jsae  randoa  aceass 
tlaa  to  each  spot  and  focused  onto  a  1-ca  square  of  recording  aadlua.  Reading  Is  aeeoapliqhad  by  utilizing 
phasa-senaielve  auleiplax  elecerenles  to  analyze  t.ha  phocodeceeter  output  and  drive  the  1000  parallel  data 
output  ahasmals. 
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Th*  total  Boaorr  capacity  would  ba  10^x10^  or  10^  blta  of  tafocsacloo.  Tha  data  la  organlxad  Into  1000  bit 
pagat,  aaeh  daflaad  to  eonalst  of  1  elaa  doaaln  bit  flowing  la  1000  parallal  data  chaanala.  Tha  tlaa  to  raad 
or  wrlta  a  paga  la  100  a»ec,  corraapoadlng  to  a  burst  data  rata  of  lOiu  blts/sae.  Tha  avaraga  data  rata  Is 
llaltad  by  tha  raadoa  accasa  tlaa  to  10^  blts/sae. 

Tha  work  was  partially  supportad  by  tha  Of flea  of  Saval  Rasaarch. 


"Pacaanane  addrass:  MIT  Lincoln  Laboratory,  Laziagton,  Massaehuaatts 
**?eraancBe  addrass:  Instltuto  da  Optica,  Sarrano  121,  Madrid  6,  Spain 
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